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BACKGROUND OF THE INVENTION 

1. FIELD OF THE INVENTION: 

5 The present invention relates to an image display 

system and a display device, where the display device is 
coupled to a host device such that an iniage is displayed 
on the display device in accordance with an image signal 
which is output from the host device. 

10 

2. DESCRIPTION OF THE RELATED ART: 

Display devices which display images on a display 
in accordance with access signals (a video signal, a 
15 synchronization signal, etc.) which are regularly 
transmitted from a host device are known. 

Such a display device maintains a so-called 
one-to-one "master-slave" relationship with a host device , 
20 where the host device is the master and the display device 
is the slave. In order to transfer images to a display 
device from a personal computer serving as a host device, 
one graphic controller (chip) is usually required for each 
display device as an interface with the host device. 
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In recent years, display systems have been 
proposed in which a personal computer serving as a host 
device is interconnected with a plurality of display 
5 devices. Such display devices maintain a one-to-many 
"master -slave" relationship with a host device, where the 
host device is the master and the display devices are the 
slaves. In such cases, it may be possible to provide in 
the personal computer a plurality of driving mechanisms 
10 for driving the display devices so that each display 
device is controlled by the personal computer. 

However, it is often the case with usual 
interfaces that, as the number of display devices to be 
15 coupled increases, the system power and/or the graphic 
controller power decrease so that it becomes difficult 
to obtain a sufficient image displaying function. 




In order to overcome the problem of inadequate 
20 graphic controller power, a method has been proposed which 
involves providing a memory in each one of a plurality 
of display devices which are coupled to a personal 
computer, and compromising (i.e., slowing down) the speed 
of transfer to a technically possible transfer rate. For 
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example, during normal operation of displaying moving 
pictures on the display devices, display is performed 
while retaining (i.e., writing and reading) in a frame 
memory of each display device a video signal which is 
synchronized with a synchronization signal transmitted 
from the personal computer* When the transmission of the 
synchronization signal is interrupted, the writing to the 
frame memory is stopped, and display is performed while 
reading the information which is retained in the frame 
memory . 

Next, power management of the aforementioned 
display systems will be discussed. 

Power management for conventional display devices 
is performed as follows. In the case where a one-to- 
one "master-slave" relationship exists between a host 
device and a display device, and the "slave" or the display 
device is to be turned OFF, the display device detects 
the presence or absence of a synchronization signal from 
the "master" or the host device. If it is determined that 
a synchronization signal is not being transmitted, the 
display device turns itself OFF. This conventional 
example will be described with reference to Figure 3. 
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Figure 3 is a block diagram illustrating a 
conventional image display system. This image display 
system includes a display controller section 1 as a host 
5 device (e.g., a personal computer), which drives a 
display section 2 implemented by using a display device 
such as a liquid crystal display (LCD). 

The display controller section 1 includes a 
10 display control circuit 5, which is connected via a system 
bus 6 to a host system (not shown) that executes various 
applications . The display control circuit 5 is 
connected to a graphic memory 3 via a graphic memory bus 4 . 
The display control circuit 5 is also connected to an 
15 image processing circuit 8 and a synchronization circuit 
13 in the display section 2 via an interface bus 7. The 
image processing circuit 8 sends image data to a display 
circuit 12 via an image data bus 21. The synchronization 
circuit 13 sends a synchronization signal 14 to , the 
20 display circuit 12. 

Figure 4 shows various signals which are sent 
through the interface bus 7. In Figure 4, an image signal 
conveys information containing a video signal component; 
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a data-enable signal is a signal which indicates an 
enabled period of the image signal; a synchronization 
signal is a signal which indicates the refresh timing for 
the image signal; and a data transfer clock is a sampling 
5 clock signal for transferring the image signal, the 
data- enable signal, and the synchronization signal. 

Next, a flow of image data in the above image 
display system will be described. 

10 

The image signal which is transmitted from the 
host system (not shown) is first processed by the display 
control circuit 5 and the graphic memory 3 in the display 
controller section 1 serving as a host device, and 

15 thereafter is transmitted via the interface bus 7 to the 
image processing circuit 8 and the synchronization 
circuit 13 in the display section 2 along with the 
data-enable signal, the synchronization signal, and the 
data transfer clock signal. The signals which are 

20 transmitted through the interface bus 7 may have been 
subjected to analog and/or digital processing (such as 
multiplexing or compression) in accordance with the 
specification of any signal media used. The image 
processing circuit 8 processes the incoming data, and 
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transmits an image component of the image signal to the 
display circuit 12, The synchronization circuit 13 
processes the incoming data, and transmits the 
synchronization signal 14 to the display circuit 12. 
5 The display circuit 12 displays an image in accordance 
with the received image component of the image signal and 
the synchronization signal. 

Next, power management for the display section 2 
10 in the above image display system will be described. In 
the case where the host system (not shown) and the display 
controller section 1 are turned OFF, or where the display 
controller section 1 is in a sleep state, the transmission 
of the synchronization signal from the display controller 
15 section is stopped. The synchronization circuit 13 in 
the display section 2 detects the presence or absence of 
the synchronization signal from the display controller 
section 1 via the interface bus 7. Upon determining that 
a synchronization signal is not being transmitted, the 
20 display section 2 turns itself OFF. 

However, there is a problem in that the 
aforementioned power management method for a display 
system including a host device and a display device under 
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a one-to-one "master-slave" relationship (i.e., the 
display device detects the presence or absence of a 
synchronization signal from the "master" or the host 
device and turns itself OFF upon determining that a 
5 synchronization signal is not being transmitted) cannot 
be effectively used in a display system including a host 
device and a plurality of display devices under a 
one- to-many "master- slave" relationship, where display 
is performed while reading the information which is 
10 retained in a frame memory when the transmission of the 
synchronization signal is interrupted, during which time 
writing to the frame memory is stopped because it is 
impossible for each display device to administer its own 
power management . 

15 

The reason is that, in a display system including 
a host device and a plurality of display devices under 
a one-to-many "master -slave" relationship, the absence 
of a synchronization signal transmitted from a host device 
20 (which serves as a determination criterion in the 
conventional power management method for a display system 
under a one-to-one "master- slave" relationship) will be 
used not only as a marker for determining whether or not 
to allow the display device to turn itself off, but also 
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as a marker for determining whether or not to switch to 
the mode of reading the information retained in a frame 
memory. 

5 SUMMARY OF THE INVENTION 

According to the present invention, there is 
provided an image display system comprising at least one 
display device connected to a host device, wherein: an 
10 image is displayed on the at least one display device in 
accordance with an image signal which is output from the 
host device; and the at least one display device monitors 
a state of coupling with the host device. 

15 Thus, it is possible to distinguish the "OFF state 

of a host device" from the "absence of a synchronization 
signal from the host device" even if the display device 
is of a type which usually performs display while 
retaining (i.e., writing and reading) in a frame memory 

20 of each display device a video signal which is 
synchronized with a synchronization signal transmitted 
from the host device, and which stops writing to the frame 
memory thereof and instead continues displaying while 
reading the information which is retained in the frame 
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memory when the transmission of the synchronization 
signal is interrupted. As a result, an image display 
system can be realized in which each display device can 
administer its own power management. 

5 

In one embodiment of the invention, the at least 
one display device monitors the state of coupling with 
the host device based on a supply voltage level of the 
host device . 

10 

Thus, by monitoring the supply voltage level of 
a host device, it is possible to distinguish the "OFF state 
of the host device" from the "absence of a synchronization 
signal from the host device" even if the display device 

15 is of a type which usually performs display while 
retaining (i.e., writing and reading) in a frame memory 
of each display device a video signal which is 
synchronized with a synchronization signal transmitted 
from the host device, and which stops writing to the frame 

20 memory thereof and instead continues displaying while 
reading the information which is retained in the frame 
memory when the transmission of the synchronization 
signal is interrupted. As a result, an image display 
system can be realized in which each display device can 
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administer its own power management. 

In another embodiment of the invention, the at 
least one display device comprises a plurality of display 
5 devices, the plurality of display devices being 
interconnected to one another; and each of the plurality 
of display devices monitors a state of coupling with at 
least one of the other display devices. 

10 Thus , since each display device monitors the state 

of coupling with another display device, it is possible 
to distinguish the "OFF state of the host device" from 
the "absence of a synchronization signal from the host 
device" even if the display device is of a type which 

15 usually performs display while retaining (i.e., writing 
and reading) in a frame memory of each display device a 
video signal which is synchronized with a synchronization 
signal transmitted from the host device, and which stops 
writing to the frame memory thereof and instead continues 

20 displaying while reading the information which is 
retained in the frame memory when the transmission of the 
synchronization signal is interrupted. As a result, an 
image display system can be realized in which each display 
device can administer its own power management. 
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Alternatively, there is provided according to the 
present invention an image display system comprising at 
least one display device connected to a host device, 
5 wherein: an image is displayed on the at least one display 
device in accordance with an image signal which is output 
from the host device; and the at least one display device 
determines a state of coupling with the host device based 
on a data-enable signal which is output from the host 
10 device. 

Thus, by monitoring a data-enable signal which is 
output from a host device, it is possible to distinguish 
the "OFF state of the host device" from the "absence of 

15 a synchronization signal from the host device" even if 
the display device is of a type which usually performs 
display while retaining (i.e., writing and reading) in 
a frame memory of each display device a video signal which 
is synchronized with a synchronization signal transmitted 

20 from the host device, and which stops writing to the frame 
memory thereof and instead continues displaying while 
reading the information which is retained in the frame 
memory when the transmission of the synchronization 
signal is interrupted. As a result, an image display 
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system can be realized in which each display device can 
administer its own power management. 

The aforementioned effect can be obtained by 
5 utilizing a data-enable signal which may already be 
employed in the system, with a host device which can be 
implemented by using conventional equipment alone, 
without having to provide any additional interfacing 
means for monitoring the coupling between a host and the 
10 display sections . As a result , any increase in the 
overhead associated with the interfacing means with the 
host device is prevented even when a plurality of monitor 
displays are connected to equipment which has otherwise 
been dedicated to a single monitor display* 

15 

Alternatively, there is provided according to the 
present invention an image display system comprising at 
least one display device connected to a host device, 
wherein: an image is displayed on the at least one display 
20 device in accordance with an image signal which is output 
from the host device; and the at least one display device 
determines a state of coupling with the host device based 
on a data transfer clock signal which is output from the 
host device • 
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Thus, by monitoring a data transfer clock signal 
which is output from a host device, it is possible to 
distinguish the "OFF state of the host device" from the 
"absence of a synchronization signal from the host device" 
even if the display device is of a type which usually 
performs display while retaining (i.e., writing and 
reading) in a frame memory of each display device a video 
signal which is synchronized with a synchronization 
signal transmitted from the host device, and which stops 
writing to the frame memory thereof and instead continues 
displaying while reading the information which is 
retained in the frame memory when the transmission of the 
synchronization signal is interrupted. As a result, an 
image display system can be realized in which each display 
device can administer its own power management. 

The aforementioned effect can be obtained by 
utilizing a data transfer clock signal which may already 
be employed in the system, with a host device which can 
be implemented by using conventional equipment alone, 
without having to provide any additional interfacing 
means for monitoring the coupling between a host and the 
display sections. As a result, any increase in the 
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overhead associated with the interfacing means with the 
host device is prevented even when a plurality of monitor 
displays are connected to equipment which has otherwise 
been dedicated to a single monitor display. 

5 

In still another embodiment of the invention, the 
state of coupling with the host device is constantly 
monitored. 

10 Thus, by constantly monitoring a data-enable 

signal or a data transfer clock signal which is output 
from a host device, it is possible to distinguish the "OFF 
state of the host device" from the "absence of a 
synchronization signal from the host device" even if the 

15 display device is of a type which usually performs display 
while retaining (i.e., writing and reading) in a frame 
memory of each display device a video signal which is 
synchronized with a synchronization signal transmitted 
from the host device, and which stops writing to the frame 

20 memory thereof and instead continues displaying while 
reading the information which is retained in the frame 
memory when the transmission of the synchronization 
signal is interrupted. As a result, an image display 
system can be realized in which each display device can 
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administer its own power management. 

In still another embodiment of the invention, the 
state of coupling with the host device is monitored during 
5 a period which is set by means of a timer. 

Thus, by monitoring a data-enable signal or a data 
transfer clock signal which is output from a host device 
during a period which is set by means of a timer, it is 

10 possible to distinguish the "OFF state of the host device" 
from the "absence of a synchronization signal from the 
host device" even if the display device is of a type which 
usually performs display while retaining (i.e., writing 
and reading) in a frame memory of each display device a 

15 video signal which is synchronized with a synchronization 
signal transmitted from the host device, and which stops 
writing to the frame memory thereof and instead continues 
displaying while reading the information which is 
retained in the frame memory when the transmission of the 

20 synchronization signal is interrupted. As a result, an 
image display system can be realized in which each display 
device can administer its own power management. 



In another aspect of the present invention, there 
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is provided a display device connected to a host device, 
the display device displaying an image in accordance with 
an image signal which is output from the host device, 
wherein the display device monitors a state of coupling 
5 with the host device. 

Thus, it is possible to distinguish the "OFF state 
of a host device" from the "absence of a synchronization 
signal from the host device" even if the display device 

10 is of a type which usually performs display while 
retaining (i.e., writing and reading) in a frame memory 
of each display device a video signal which is 
synchronized with a synchronization signal transmitted 
from the host device, and which stops writing to the frame 

15 memory thereof and instead continues displaying while 
reading the information which is retained in the frame 
memory when the transmission of the synchronization 
signal is interrupted. As a result, a display device can 
be realized which can administer its own power management . 

20 

In yet another aspect of the present invention, 
there is provided a display device for use in an image 
display system comprising at least one display device 
connected to a host device, wherein an image is displayed 
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on the display device in accordance with an image signal 
which is output from the host device, wherein the display 
device determines a state of coupling with the host device 
based on a data-enable signal which is output from the 
5 host device. 

Thus, by monitoring a data-enable signal which is 
output from a host device, it is possible to distinguish 
the "OFF state of the host device" from the "absence of 

10 a synchronization signal from the host device" even if 
the display device is of a type which usually performs 
display while retaining (i.e., writing and reading) in 
a frame memory of each display device a video signal which 
is synchronized with a synchronization signal transmitted 

15 from the host device, and which stops writing to the frame 
memory thereof and instead continues displaying while 
reading the information which is retained in the frame 
memory when the transmission of the synchronization 
signal is interrupted. As a result, a display device can 

20 be realized which can administer its own power management . 

The aforementioned effect can be obtained with a 
host device which can be implemented by using conventional 
equipment alone. As a result, any increase in the 
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overhead associated with the interfacing means with the 
host device is prevented even when a plurality of monitor 
displays are connected to equipment which has otherwise 
been dedicated to a single monitor display, 

5 

Alternatively, there is provided according to the 
present invention a display device for use in an image 
display system comprising at least one display device 
connected to a host device, wherein an image is displayed 
10 on the display device in accordance with an image signal 
which is output from the host device, wherein the display 
device determines a state of coupling with the host device 
based on a data transfer clock signal which is output from 
the host device. 

15 

Thus, by monitoring a data transfer clock signal 
which is output from a host device, it is possible to 
distinguish the "OFF state of the host device" from the 
"absence of a synchronization signal from the host device" 
20 even if the display device is of a type which usually 
performs display while retaining (i.e., writing and 
reading) in a frame memory of each display device a video 
signal which is synchronized with a synchronization 
signal transmitted from the host device, and which stops 
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writing to the frame memory thereof and instead continues 
displaying while reading the information which is 
retained in the frame memory when the transmission of the 
synchronization signal is interrupted. As a result, a 
5 display device can be realized which can administer its 
own power management . 

The aforementioned effect can be obtained with a 
host device which can be implemented by using conventional 
10 equipment alone. As a result, any increase in the 
overhead associated with the interfacing means with the 
host device is prevented even when a plurality of monitor 
displays are connected to equipment which has otherwise 
been dedicated to a single monitor display. 

15 

In still another embodiment of the invention, when 
the coupling with the host device is cancelled, each of 
the at least one display device independently administers 
power management thereof based on a prescribed setting. 

20 

Thus, by monitoring a data-enable signal or a data 
transfer clock signal which is output from a host device, 
it is possible to distinguish the "OFF state of the host 
device" from the "absence of a synchronization signal from 
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the host device" even if the display device is of a type 
which usually performs display while retaining (i.e., 
writing and reading) in a frame memory of each display 
device a video signal which is synchronized with a 
5 synchronization signal transmitted from the host device, 
and which stops writing to the frame memory thereof and 
instead continues displaying while reading the 
information which is retained in the frame memory when 
the transmission of the synchronization signal is 
10 interrupted. As a result, an image display system can 
be realized in which each display device can independently 
administer its own power management. 

In still another embodiment of the invention, when 
15 the coupling with the host device is cancelled, the 
display device independently administers power 
management thereof based on a prescribed setting. 

Thus , by monitoring a data-enable signal or a data 
20 transfer clock signal which is output from a host device, 
it is possible to distinguish the "OFF state of the host 
device" from the "absence of a synchronization signal from 
the host device" even if the display device is of a type 
which usually performs display while retaining (i.e.. 
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writing and reading) in a frame memory of each display 
device a video signal which is synchronized with a 
synchronization signal transmitted from the host device, 
and which stops writing to the frame memory thereof and 
5 instead continues displaying while reading the 
information which is retained in the frame memory when 
the transmission of the synchronization signal is 
interrupted. As a result, a display device can be 
realized which can independently administer its own power 
10 management . 

Thus, the Invention described herein makes 
possible the advantages of (1) providing an image display 
system in which each of a plurality of display devices 
15 which are connected to a host device can administer its 
own power management; and (2) providing a display device 
to be used for such an image display system. 

These and other advantages of the present 
20 invention will become apparent to those skilled in the 
art upon reading and understanding the following detailed 
description with reference to the accompanying figures. 



BRIEF DESCRIPTION OF THE DRAWINGS 
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Figure 1 is a block diagram illustrating an image 
display system according to Example 1 of the present 
invention. 

5 

Figure 2 is a block diagram illustrating an image 
display system according to Example 2 of the present 
invention. 

10 Figure 3 is a block diagram illustrating a 

conventional image display system. 

Figure 4 is a waveform diagram showing various 
signals transmitted through an interface bus. 

15 

Figure 5 is a flowchart illustrating a flow of 
process of data-enable signal determination performed by 
a determination circuit in a variant of an image display 
system according to Example 2 of the present invention. 

20 

Figure 6 is a flowchart illustrating a scheme 
employed for a timer in a variant of a determination 
circuit in an image display system according to Example 2 
of the present invention. 
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Figure 7 is a block diagram illustrating an image 
display system according to Example 4 of the present 
invention. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Hereinafter, the present invention will be 
described by way of illustrative examples, with reference 
to the accompanying figures. 

( Example 1 ) 

Figure 1 is a block diagram illustrating an image 
display system according to Example 1 of the present 
invention. The image display system includes a display 
controller section 1 serving as a host device (e.g., a 
personal computer ), and drives a plurality of display 
sections 2 implemented by using display devices such as 
liquid crystal displays (LCDs). 

The display controller section 1 includes a 
display control circuit 5, which is connected via a system 
bus 6 to a host system (not shown) that executes various 
applications. The display control circuit 5 is 




01R00096 

- 24 - 

connected to a graphic memory 3 via a graphic memory bus 
4. The display control circuit 5 is also connected to 
an image processing circuit 8 and a synchronization 
circuit 13 in the display section 2 via an interface bus 
5 7. Furthermore, the display controller section 1 
includes a coupling control circuit 15 for controlling 
the state of coupling with the respective display sections 
2. 

10 Each display section 2 includes an image 

processing circuit 8 for receiving image data sent from 
the display control circuit 5 via the interface bus 7. 
The image processing circuit 8 is connected to a memory 
circuit 10 for temporarily storing the image data via a 

15 write bus 9. The memory circuit 10 is further connected 
to a display circuit 12 via a read bus 11. The memory 
circuit 10 is composed of a RAM or the like , e.g., a dynamic 
RAM. Each display section 2 also includes a coupling 
circuit 17. The respective coupling circuits 17 of the 

20 display sections 2 are cascade-connected via coupling 
control buses 16, e.g. , I 2 C buses which are known as DDCs 
(Display Data Channels). 



The coupling control circuit 15 in the display 
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controller section 1 and a determination' circuit 20 in 
the coupling circuit 17 of each display section 2 are 
interconnected via a coupling monitor line 18, which is 
provided in order to enable reciprocal monitoring 
5 according to the present invention. 

Next, a flow of image data in the image display 
system featuring the above-described display device will 
be described. 

10 

First, an image signal which is transmitted from 
a host system (not shown) is first processed by the display 
control circuit 5 and the graphic memory 3 in the display 
controller section 1 serving as a host device, and 
15 thereafter is transmitted via the interface bus 7 to the 
image processing circuit 8. 



In the case where each display section 2 is to 
display general images such as moving pictures , the 
20 display controller section 1 transmits to each display 
section 2 the image signal along with a synchronization 
signal which is in synchronization with the image signal 
(refresh operation). The synchronization signal is 
received by the synchronization circuit 13 in each 
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display section 2. When the synchronization circuit 13 
in each display section 2 receives the image signal in 
synchronization, the synchronization circuit 13 
transmits a signal which is in synchronization with the 
5 received image signal to the memory circuit 10 and the 
display circuit 12. While the synchronization signal is 
being transmitted to the memory circuit 10 and the display 
circuit 12, the image signal which is received by the 
image processing circuit 8 is not only written to the 
10 memory circuit 10 but also transmitted to the display 
circuit 12 via image data read bus 11, so that moving 
pictures are displayed on the display screen in accordance 
with the image signal received by the display circuit 12. 



15 Once the transmission of the synchronization 

signal from the display controller section 1 is stopped, 
the synchronization circuit 13 in each display section 2 
determines that the synchronization signal is not being 
received, and transmits a synchronization signal having 

20 a predetermined timing scheme to the memory circuit 10 
and the display circuit 12. Once receiving the 
synchronization signal, the memory circuit 10 stops 
writing data, and allows the data written therein to be 
read to the display circuit 12 . Based on the image signal 
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thus read, a still image is displayed on the display 
screen. 

A control information signal is exchanged between 
the coupling control circuit 15 in the display controller 
section 1 and the coupling circuit 17 in each display 
section 2 via the coupling control bus 16, whereby the 
state of coupling of each display section 2 is monitored. 
The coupling control circuit 15 controls the coupling 
circuits 17 in the respective display section 2, such that 
the display screens of all or some of the display 
sections 2 can together function to display one large 
image, for example. 

Next, power management of each display section 2 
will be described. 

When the host system is ON, the coupling monitor 
line 18 which is connected to the display controller 
section 1 is in an active state. Herein, it is assumed 
that an active state is represented by a positive 
potential (5 V), as is commonly practiced in the art. 
Once the coupling monitor line 18 enters an active state 
(i.e. , a potential of 5 V), the determination circuit 20 
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in the coupling circuit 17 of each display section 2 
detects that the coupling circuit 15 in the display 
controller section 1 is in an active state, and 
accordingly turns ON each display section 2. 

5 

When the host system is OFF, i.e. , when the display 
controller section 1 is turned OFF, the coupling monitor 
line 18 is in an inactive state. Herein, it is assumed 
that an inactive state is represented by a GND potential 

10 (0 V), as is commonly practiced in the art . In this state, 
the determination circuit 20 in the coupling circuit 17 
of each display section 2 detects via the coupling monitor 
line 18 that the coupling control circuit 15 in the 
display controller section 1 is in an inactive state, and 

15 accordingly turns OFF each display section 2. It will 
be appreciated that appropriate means is provided so as 
to maintain the coupling circuit 17 in each display 
section 2 operative even when the display section 2 is 
turned OFF, because it is necessary for at least the 

20 coupling circuit 17 in each display section 2 to be 
functional in order for each display section 2 to monitor 
the state of the host system. 



If the coupling monitor line 18 interconnecting 
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the display sections 2 somehow fails to couple one display 
section 2 to another, the coupling monitor line 18 will 
have a high impedance* By providing a resistor or the 
like through which to pull the coupling monitor line 18 
5 down to the GND level, information representing an 
inactive state can be transmitted to any display 
sections 2 that are provided downstream in the direction 
of signal transmission, as if an inactive state were 
detected. As a result, each of the display sections 2 
10 which are provided downstream in the direction of signal 
transmission are turned OFF. 

Each display section 2 determines whether the 
coupling control circuit 15 in the display controller 

15 section 1 is in an active state or an inactive state via 
the coupling monitor line 18, and each display section 2 
is turned OFF if the coupling control circuit 15 is found 
to be in an inactive state. Thus, it is possible to 
administer power management for each display section 2 

20 by means of the coupling control circuit 15 in the display 
controller section 1. 

Specifically, by detecting that the coupling 
monitor line 18 is in an inactive state by means of the 
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coupling control circuit 15 in the display controller 
section 1, it is possible to know that the host device 
is OFF, etc.. On the other hand, by detecting that a 
synchronization signal which is transmitted from the host 
5 device is not being received by the synchronization 
circuit 13 in each display section 2, it can be known that 
the operation must be switched from the regular display 
function to reading the information which is retained in 
the memory circuit. As a result, each of the plurality 
10 of display section 2 which are connected to the display 
controller section 1 can administer its own power 
management . 



The coupling monitor line 18 may be connected in 
15 parallel or in series to the display sections 2, or in 
any other manner. The signals to be transmitted through 
the coupling monitor line 18 may be electric signals, 
optical signals, electromagnetic signals, or any other 
signal media. 

20 

(Example 2) 

Figure 2 is a block diagram illustrating an image 
display system according to Example 2 of the present 
invention . 
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The image display system according to the present 
example of the invention is identical to the image display 
system according to Example 1 (shown in Figure 1) except 
for some differences. Hereinafter, the differences from 
the image display system according to Example 1 will be 
specif ically described . 

In the image display system shown in Figure 2, a 
determination circuit 20 is provided in a coupling 
circuit 17 of each display section 2. The determination 
circuit 20 is connected to a display control circuit 5 
in a display controller section 1 via an interface bus 
7. 

The coupling monitor line 18 which was employed 

in Example 1 is not provided in the image display system 

i 

according to Example 2 of the present invention. 

When transmitting an image signal from the display 
control circuit 5 via the interface bus 7 to an image 
processing circuit 8 and a synchronization circuit 13 in 
each display section 2, the display controller section 1 
transmits a data-enable signal representing a period 
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during which data is valid or enabled. The determination 
circuit 20 constantly monitors this data-enable signal, 
and upon determining that the data- enable signal is not 
being transmitted, determines that the host system is OFF 
5 and thus the display controller section 1 is OFF. Thus, 
it is possible to determine by means of the determination 
circuit 20 in each display section 2 that the display 
controller section 1 is OFF, or inactivated, whereby each 
display section 2 can administer its own power management . 

10 The determination circuit 20 does not need to constantly 
monitor the data-enable signal; rather, the determination 
circuit 20 may be arranged so as to monitor the data- 
enable signal during arbitrary- selected periods. A 
flowchart of Figure 5 illustrates a flow of the data- 

15 enable signal determination process performed by the 
determination circuit 20 under such arrangement. In this 
case, it is assumed that the determination circuit 20 
includes a timer (not shown) for setting a period during 
which to monitor the data-enable signal. 

20 

The operation of the aforementioned determination 
circuit 20 will be described with reference to Figure 5. 



In Step SI, the determination circuit 20 
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determines whether or not the data-enable signal is being 
transmitted. If the data-enable signal is detected, it 
is determined that the display controller section 1 is 
active, and the process proceeds to Step S2, where it is 
5 determined whether or not the display section 2 is ON. 
If it is determined in Step S2 that the display section 2 
is OFF, the process proceeds to Step S3, where the display 
section 2 is turned ON, and the process further proceeds 
t|} to Step S4 . If it is determined in Step S2 that the display 

%j 10 section 2 is ON, the process also proceeds to Step S4 . 

\1 The timer flow is reset in Step S4, and the process returns 

j7§ to Step SI to determine whether or not the data-enable ^ 

signal is being transmitted. If the data-enable signal 
is not detected in Step SI, it is determined that the 
™ 15 display controller section 1 is inactive, and the process 

r ~ proceeds to Step S5. In Step S5, it is determined whether 

or not the display section 2 is ON. If it is determined 
that the display section 2 is OFF, the process proceeds 
again returns to Step SI to determine whether or not the 
20 data-enable signal is being transmitted. If it is 
determined that the display section 2 is ON, the process 
proceeds to Step S6 . In Step S6, it is determined whether 
or not a timeout period has expired by checking the 
counting of the timer. If the timeout period has not been 
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expired, the process again returns to Step SI to determine 
whether or not the data-enable signal is being transmitted. 
If a timeout signal from the timer is detected in Step 
S6, it is determined that the display controller section 1 
5 is inactive and the process proceeds to Step S7, where 
the display section 2 is turned OFF, The process again 
returns to Step SI to determine whether or not the 
data-enable signal is being transmitted. 

10 Thus, when it is determined in each display 

section 2 that no access is being made from the display 
controller section 1, the display section 2 can 
administer its own power management* 

15 Figure 6 is a flowchart illustrating a scheme 

employed for a timer in the determination circuit 20. 

When the display section 2 is turned ON, the timer 
is activated and its count value is reset (Step S8) . The 
20 process proceeds to Step S9, where it is determined 
whether or not the timer is being reset by the data-enable 
signal determination process performed by the 
determination circuit 20. If it is determined that the 
timer is not reset, i.e., the timer is released, the 
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process proceeds to Step 10, where the timer begins 
counting up. Thereafter, when it is determined in 
Step Sll that the count value has reached a predetermined 
value, the process proceeds to Step S12, where a timeout 
5 signal is output. 

(Example 3) 

Instead of the data-enable signal, a data transfer 
clock signal may be monitored by the determination 
10 circuit 20 illustrated in Example 2. 

Thus, the determination circuit 20 monitors the 
data transfer clock signal, and upon determining that the 
data transfer clock signal is not being transmitted, 

15 determines that the host system is OFF and thus the display 
controller section 1 is OFF. Thus, it is possible to 
determine by means of the determination circuit 20 in each 
display section 2 that the display controller section 1 
is OFF, i.e., inactivated, whereby the display section 2 

20 can administer its own power management . The 
determination circuit 20 does not need to constantly 
monitor the data transfer clock signal; rather, the 
determination circuit 20 may be arranged so as to monitor 
the data transfer clock signal during arbitrary- selected 
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(Example 4) 

Figure 7 is a block diagram illustrating an image 
5 display system according to Example 4 of the present 
invention. 

The image display system shown in Figure 7 is 
characterized by a mode setting value 22 which is provided 
10 in each display section 2, The setting value 22 may be 
arranged so as to be freely selectable by means of a 
selection switch, or any other setting method may be used, 
e.g., the setting value 22 may be previously stored in 
a memory means . 

15 

For the purpose of explanation, it is assumed that 
the mode setting value 22 can be set to one of the three 
following values: 

setting value = 1: the display section 2 is to be turned 
20 OFF when the host is turned OFF; 

setting value = 2: the display section 2 is not to be 
turned OFF when the host is turned OFF, thereby allowing 
the display section 2 to continue displaying; or 
setting value = 3: the backlight is turned OFF so as to 
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discontinue displaying without turning the display- 
section 2 OFF. 

It is further assumed that the mode setting 
value 22 of the display section A in Figure 7 is set to 
" 1" and that the mode setting value 22 of the display 
section B in Figure 7 is set to "2". When each display 
section determines that the host is OFF according to the 
principles described in Example 1, 2, or 3, the display 
section A will be turned OFF, whereas the display 
section B will not be turned OFF but will continue 
displaying, in accordance with the mode setting value 22 
therein. Thus, a display device which can administer its 
own power management can be realized. 

As described above, according to the present 
invention, a state of coupling with a host device is 
monitored on the basis of a display signal. Therefore, 
a display section can independently administer its own 
power management even if the display section is of a type 
which may, when the transmission of a synchronization 
signal is interrupted, stop writing to a frame memory 
thereof and instead perform display while reading the 
information which is retained in the frame memory. As 
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a result, in the case where a plurality of devices are 
connected to a host device, each display device can 
administer its own power management. 

5 According to Example 2 or 3, a data-enable signal 

or a data transfer clock signal, which may already be used 
within the system, can be conveniently utilized to attain 
the same effect as that of Example 1, without the need 
to provide any additional interfacing means for 

10 monitoring the coupling between a host and the display 
sections . This feature can be realized without employing 
any additional circuitry on the host side. Rather, the 
host side can be implemented by using conventional 
equipment alone. As a result, any increase in the 

15 overhead associated with the interfacing means with the 
host device is prevented even when a plurality of monitor 
displays are connected to equipment which has otherwise 
been dedicated to a single monitor display. 

20 According to Example 4 of the present invention, 

a display device can administer its own power management 
according to a previously determined program. 



Various other modifications will be apparent to 
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and can be readily made by those skilled in the art without 
departing from the scope and spirit of this invention. 
Accordingly, it is not intended that the scope of the 
claims appended hereto be limited to the description as 
set forth herein, but rather that the claims be broadly 
construed. 



